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,QWURGXFWLRQ
5HFRJQLWLRQ RI SODQWV LV D VLPSOH WDVN IRU ERWDQLVWV )RUPDFKLQHV KRZHYHU WKH VDPH VSHDNV WR DQ LPPHQVH DQG
FRPSOH[ FRPSXWDWLRQDO H[HUWLRQ +XPDQV FDQ XQGRXEWHGO\ UHFRJQL]H GLVWLQFWLYH REMHFWV GHWHUPLQH WKHLU VL]HV
VKDSHVFRPSRVLWLRQVDQGKXHVDQGFRPSUHKHQGWKHUHODWLRQVKLSVEHWZHHQWKHPXVLQJWKHLUVHQVHV$VIRUPDFKLQHV
DFKLHYLQJWKHVDPHZLOOLQFOXGHWKHXVHRIVHQVRUVDQGFDPHUDVWRHPXODWHVRPHRIWKHVHQVHVWKDWKXPDQVSRVVHVV,W
LVDOVRXVXDOO\QHFHVVDU\WRSHUIRUPLPDJHSURFHVVLQJWHFKQLTXHVWRH[WUDFWYLVXDOLQIRUPDWLRQDQGFRPSDUHWKHPWR
DQH[LVWLQJ VHWRIGDWD7KLVSURFHVV UHTXLUHV WKHXVHRI VSHFLDOL]HGSURJUDPVRU OLEUDULHV&RPSXWHUYLVLRQ LV WKH
VFLHQFH RI HQGRZLQJ FRPSXWHUV RU RWKHUPDFKLQHV ZLWK YLVLRQ RU WKH DELOLW\ WR VHH 7KH UDWLRQDOH RI UHFRJQLWLRQ
V\VWHPVLVWKDWREMHFWVRIWKHVDPHNLQGZLOOVKDUHVRPHVLPLODUYLVXDOSURSHUWLHVZKLFKFDQEHFDSWXUHGDQGWKHUHE\
DOORZ IRU VXFK V\VWHPV WR EH IHDVLEOH 7KLV SDSHU DLPV DW VWXG\LQJ H[LVWLQJ OHDI UHFRJQLWLRQ V\VWHPV DQG WKHQ
LPSOHPHQWLQJRQHEDVHGRQVKDSHGHVFULSWRUV:HDOVRHYDOXDWHWKHHIIHFWLYHQHVVRIWKHPHWKRGVXVHGZKLOHXVLQJD
GDWDVHWZLWKDIDLUDPRXQWRIOHDYHVSHUSODQW7KHV\VWHPDOORZVWKHDGGLWLRQRIQHZSODQWVWRWKHGDWDEDVHZLWKRXW
PXFKHIIRUW
7KLVSDSHUSURFHHGVDVIROORZV6HFWLRQJLYHVDQRYHUYLHZRIH[LVWLQJOHDIUHFRJQLWLRQV\VWHPV7KHPHWKRGRORJ\
GDWDVHW DQGSUHSURFHVVLQJRSHUDWLRQV DUH H[SODLQHG LQ6HFWLRQZKLOH WKH UHVXOWV DUHSUHVHQWHG DQG HYDOXDWHG LQ
6HFWLRQ6HFWLRQFRQFOXGHVWKHSDSHUZLWKDGHVFULSWLRQRIVRPHIXWXUHZRUNV
5HODWHG:RUNV
6DWWLHWDOSURSRVHGDSODQWUHFRJQLWLRQV\VWHPWKDWXVHGFRORXUDQGVKDSHLQIRUPDWLRQWRSURGXFHDQDFFXUDF\RI
ZLWKDQ$UWLILFLDO1HXUDO1HWZRUN$11DQGZLWKWKHN1HDUHVW1HLJKERXUFODVVLILHUN11RQWKH
)ODYLDGDWDVHW$PRUHUHFHQWVWXG\E\&KDNLHWDOSURSRVHGDQHZPHWKRGRIFKDUDFWHUL]LQJDQGUHFRJQL]LQJSODQW
OHDYHVXVLQJDFRPELQDWLRQRIVKDSHIHDWXUHVDQGWH[WXUH$*DERUILOWHUZDVXVHGWRPRGHOWKHWH[WXUHRIWKHOHDYHV
DQG WKH VKDSH ZDV FDSWXUHG XVLQJ D VHW RI FXUYHOHW WUDQVIRUP FRHIILFLHQWV WRJHWKHU ZLWK LQYDULDQW PRPHQWV 7KH
HIILFDF\RI WKH V\VWHPZDV WHVWHGXVLQJ WZRQHXUDO FODVVLILHUV D QHXURIX]]\ FRQWUROOHU DQG D IHHGIRUZDUGEDFN
SURSDJDWLRQPXOWLOD\HUHGSHUFHSWURQ0/37KHEHVWDFFXUDF\REWDLQHGZDVIRUOHDILPDJHVFRQVLVWLQJ
RIGLIIHUHQWVSHFLHV,WLVKRZHYHUQRWHDV\WRFRPSDUHWKHVHDSSURDFKHVEHFDXVHHDFKRQHXVHVDGLIIHUHQWVXEVHW
RIWKH)ODYLDGDWDVHW

9HLQSDWWHUQVRIVFDQQHGOHDILPDJHVZHUHXVHGE\/DUHVHHWDOIRUWKHFODVVLILFDWLRQRIWKUHHOHJXPHVSHFLHV7KH\
REWDLQHG D UHODWLYHO\KLJK DFFXUDF\RI XVLQJ DSHQDOL]HGGLVFULPLQDQW DQDO\VLV 3'$ DSSURDFK7KH\ DOVR
SHUIRUPHGWKHH[SHULPHQWXVLQJLPDJHVRIOHDYHVWKDWZHUHFOHDUHGXVLQJDFKHPLFDOSURFHVVDQGWKLVLQFUHDVHGWKHLU
DFFXUDF\WRDWWKHH[SHQVHRIWLPHDQGFRVW

:DQJ HW DO XVHG WKH FRQFHSW RI EDJ RI ZRUGV ERUURZHG IURP WKH ILHOG RI WH[W FODVVLILFDWLRQ DQG DSSOLHG LW WR
H[WUDFW D EDJ RI FRQWRXUV IURP WKH VKDSH RI OHDYHV 7KH\ WHVWHG LW RQ WKH 6ZHGLVK OHDI GDWDVHW DQG DFKLHYHG DQ
DFFXUDF\RIXVLQJDQHDUHVWQHLJKERXUFODVVLILHU7KLVLVWKHILUVWSDSHUZKLFKDFWXDOO\LQWURGXFHGWKHLGHDRI
EDJRIFRQWRXUVWRJHWKHUZLWKORFDOFRQVWUDLQHGOLQHDUFRGLQJ//&DQGVSDWLDOS\UDPLGPDWFKLQJ630IRUVKDSH
UHSUHVHQWDWLRQ

$QDXWRPDWHGV\VWHPIRUWKHUHFRJQLWLRQRIPHGLFLQDOSODQWOHDYHVZDVGHYHORSHGE\$UXQHWDO7KH\XVHGJUH\
WRQHVSDWLDOGHSHQGHQF\PDWULFHV*76'0JUH\WH[WXUHVDQG/RFDO%LQDU\3DWWHUQ/%3RSHUDWRUVDVIHDWXUHVIRU
UHFRJQLWLRQ7KLVPHWKRGXVHV VL[GLIIHUHQW FODVVLILHUV WR FODVVLI\ WKHSODQWV EDVHGRQ WKH DERYH IHDWXUHV:LWKRXW
XVLQJDQ\SUHSURFHVVLQJWHFKQLTXHDQDFFXUDF\RIZDVREWDLQHGXVLQJDGDWDVHWRIGLIIHUHQWLPDJHVIURP
ILYHSODQWVSHFLHV
$PLQDQG.KDQREWDLQHGDQDFFXUDF\RIE\XVLQJIHDWXUHVGHULYHGIURPVKDSHRQO\7KH\SURSRVHGDQHZ
VFKHPH FDOOHG WKH 'LVWULEXWHG +LHUDUFKLFDO *UDSK 1HXURQ '+1* IRU SDWWHUQ UHFRJQLWLRQ DQG D N1HDUHVW
1HLJKERXUIRUSDWWHUQFODVVLILFDWLRQ7KH\XVHGDGDWDEDVHFRQVLVWLQJRILPDJHVIURPSODQWVSHFLHVRI
WKHGDWDEDVHZDVXVHGDVWUDLQLQJVHWDQGWKHUHVWDVWHVWLQJVHW
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)LJ2YHUYLHZRIFODVVLILFDWLRQV\VWHP

8OXWXUN HW DO VXJJHVWHG DPHWKRG RI FODVVLILFDWLRQ EDVHG RQ WKH ELVHFWLRQ RI OHDYHV 3UHSURFHVVLQJ WHFKQLTXHV
ZHUHLQLWLDOO\DSSOLHGRQWKHOHDYHVWKHQORZFRVWPRUSKRORJLFDOIHDWXUHVDORQJVLGHH[WUDIHDWXUHVXVLQJKDOIOHDI
LPDJHVZHUHH[WUDFWHG)RUOHDYHVZKLFKKDGVLPLODUPRUSKRORJLFDOVWUXFWXUHVWKHLPDJHZDVVSOLWLQWRWZRUHJLRQV
$OOWKHVHIHDWXUHVZHUHWKHQXVHGDVLQSXWLQD3UREDELOLVWLF1HXUDO1HWZRUNDQGDQDFFXUDF\RIZDVREWDLQHG

=KDQJDQG/HLXVHGDORFDOO\PRGLILHGOLQHDUGLVFULPLQDQWHPEHGGLQJDOJRULWKP0//'(RQWKH,&/SODQWOHDI
GDWDEDVH7KHV\VWHPZDVWHVWHGRQOHDILPDJHVFRQVLVWLQJRIGLIIHUHQWVSHFLHVDQGREWDLQHGDQDFFXUDF\RI
ZKLFKVKRZHGWKDWWKH0//'(LVDQHIIHFWLYHWHFKQLTXHIRUSODQWOHDIUHFRJQLWLRQ.DGLUHWDOVXJJHVWHGD
PHWKRGWKDWXVHVWKHYHLQVKDSHFRORXUDQGWH[WXUHIHDWXUHVRIWKHOHDI)LIW\IRXUGLIIHUHQWIHDWXUHVZHUHH[WUDFWHG
DQG D 3UREDELOLVWLF 1HXUDO 1HWZRUN ZDV XVHG WR FODVVLI\ WKH OHDYHV 7HVWLQJ ZDV SHUIRUPHG RQ WKH )ODYLD DQG
)ROLDJHGDWDVHWV7KHDFFXUDF\LQERWKFDVHVZDVDURXQG8VLQJWKH3ULQFLSDO&RPSRQHQW$QDO\VLV3&$DVD
IHDWXUHVHOHFWLRQPHWKRGRQO\LPSURYHGWKHDFFXUDF\E\DERXW

$UHFRJQLWLRQWHFKQLTXHIRUEURDGIODWOHDYHVSURSRVHGE\+RVVDLQHWDOXVHVD3UREDELOLVWLF1HXUDO1HWZRUNDQG
WKHVKDSHLVH[WUDFWHGDIWHUWKHXVHUVHOHFWVDEDVHSRLQWDQGDIHZUHIHUHQFHSRLQWVRQWKHOHDIEODGHVWRSURGXFHD
ELQDU\LPDJH)URPWKLVLPDJHVHYHUDOIHDWXUHVDUHH[WUDFWHGVXFKDVDUHDSHULPHWHUDQGHFFHQWULFLW\7KHSURSRVHG
IUDPHZRUNXVHVDWHQIROGFURVVYDOLGDWLRQWHFKQLTXHDQGDDFFXUDF\ZDVREWDLQHG

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
0HWKRGRORJ\

7KHSURSRVHGV\VWHPLVHVVHQWLDOO\GLYLGHGLQWRWZRVHSDUDWHSKDVHVWKHFOLHQWDQGWKHVHUYHUSKDVHV7KHFOLHQWVLGH
LVDVRIWZDUHWKDWDOORZVDXVHUWRXSORDGWKHSLFWXUHRIDOHDIWRWKHVHUYHU $QRYHUYLHZRIWKHV\VWHPLVVKRZQ
EHORZ

67$57 (1'
,QSXWLPDJH
LQWRV\VWHP
$SSO\LPDJH
SURFHVVLQJ
WHFKQLTXHV
([WUDFWIHDWXUHV
IURPLPDJH
&RPSDUHXVLQJ
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PDWFK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
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7KHVHUYHUXVHVVKDSHGHVFULSWRUVDQGFRORXULQIRUPDWLRQWRFRPSDUHWKHLQIRUPDWLRQH[WUDFWHGIURPWKHGDWDEDVHRI
WKHOHDILPDJHVZLWKDQHZO\DFTXLUHGRQHDQGXVHVDN1HDUHVW1HLJKERXUDOJRULWKPWRILQGWKHEHVWPDWFKHV
'DWDVHW
:HKDYHFUHDWHGRXURZQGDWDVHWDQGQDPHGLW)ROLR3LFWXUHVRIOHDYHVZHUHWDNHQIURPWKHIDUPRIWKH8QLYHUVLW\
RI0DXULWLXVDQGQHDUE\ ORFDWLRQV7KHGDWDEDVHFRQVLVWVRIGLIIHUHQWSLFWXUHV IRUHDFKVSHFLHV IRUGLIIHUHQW
SODQWV VSHFLHV7KHSLFWXUHV KDYHEHHQ WDNHQ LQEURDGGD\OLJKWZLWK D6PDUWSKRQH FDPHUDKDYLQJ D UHVROXWLRQRI
)ROLRLVDYDLODEOHRQWKH8&,0DFKLQH/HDUQLQJ5HSRVLWRU\ZHEVLWH
3UHSURFHVVLQJ6WHSV
$VHULHVRIGLJLWDO LPDJHSURFHVVLQJWHFKQLTXHVDUHXVHGWRSUHSDUHWKHLPDJHIRUIXUWKHUSURFHVVLQJDQGWKHVHDUH
GHVFULEHGEHORZ
5RWDWLRQ7KHLPDJHLVURWDWHGWRWKHSURSHURULHQWDWLRQLIUHTXLUHGWKHWLSRIWKHOHDIPXVWSRLQWXSZDUGVE\
URWDWLQJWKHLPDJHFORFNZLVHLILWVZLGWKLVJUHDWHUWKDQLWVKHLJKW
*UH\VFDOLQJ7KHLPDJHLVFRQYHUWHGWRJUH\VFDOHVLQFHWKLVSDUWRIWKHV\VWHPQHHGVVKDSHLQIRUPDWLRQDQG
QRWFRORXULQIRUPDWLRQ
7KUHVKROGLQJ$WKUHVKROGLQJRSHUDWLRQLVSHUIRUPHGXVLQJ2768¶VWKUHVKROGLQJPHWKRGWRREWDLQDELQDU\
LPDJH

2SHQLQJRSHUDWLRQV7KUHHVXFFHVVLYHVHWVRIRSHQLQJRSHUDWLRQVDUHDSSOLHGHURVLRQIROORZHGE\GLODWLRQWR
UHPRYHWKHVPDOOXQZDQWHGµKROHV¶DSSHDULQJLQWKHSURFHVVHGLPDJHVGXHWRQRLVH
,QYHUVHWKUHVKROG7KHELQDU\LPDJHLVLQYHUWHGWRUHSUHVHQWWKHEDFNJURXQGDVEODFN

(GJHH[WUDFWLRQ7KHFRQWRXUVLQWKHLPDJHZHUHH[WUDFWHGXVLQJWKH6X]XNL¶VDOJRULWKP
(GJHILOWHULQJ7KHFRQWRXUVZLWKVPDOOOHQJWKVUHODWLYHWRWKHODUJHVWFRQWRXUDUHHOLPLQDWHG
)HDWXUH([WUDFWLRQ
7KHIROORZLQJLQIRUPDWLRQDUHWKHQH[WUDFWHGIURPWKHSURFHVVHGLPDJH
&RQYH[KXOOLQIRUPDWLRQ
$FRQYH[KXOOLVIRUPHGXVLQJWKHERXQGDU\SRLQWVRIWKHOHDI7KHFRQYH[KXOOLVDSSUR[LPDWHGDQGWKHQXPEHURI
YHUWLFHVLVH[WUDFWHG7KHDUHDDQGSHULPHWHURIWKHKXOODUHDOVRFDOFXODWHG
0RUSKRORJLFDOLQIRUPDWLRQ
7KH OHQJWK DQGZLGWK RI WKH OHDI LV FDOFXODWHG E\ ILQGLQJ WKHPLQLPXP DQGPD[LPXP [ DQG \ FRRUGLQDWHV 7KH
SHULPHWHUDQGDUHDRIWKHOHDIDUHDOVRFDOFXODWHGXVLQJWKHERXQGDU\SRLQWV
'LVWDQFHPDSV
L9HUWLFDODQGKRUL]RQWDOPDSVOLQHVDUHGUDZQRQWKHVHJPHQWHGLPDJHDQGHDFKOLQHFRQVLVWVRIWKHPLQLPXPDQG
PD[LPXPFRRUGLQDWHZKLFKLQWHUVHFWVZLWKWKHOHDIRQWKHUHVSHFWLYHD[HV7KHGLVWDQFHRIHDFKOLQHLVHVWLPDWHGDQG
VWRUHG7KLVLVVKRZQEHORZLQ)LJXUH
LL&HQWURLGUDGLDOPDS7KHFHQWURLGRIWKHOHDILVIRXQGE\LQWHUVHFWLQJWKHGLDJRQDOD[HVWKURXJKWKHERXQGLQJER[
DURXQGWKHOHDI6L[WHHQSRLQWVUDGLDWLQJIURPWKHFHQWURLGDUHWDNHQRQWKHERXQGDU\ER[7KH(XFOLGHDQGLVWDQFHV
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
EHWZHHQ WKHVH SRLQWV DQG WKH FHQWURLG DUH FDOFXODWHG DV ZHOO DV WKDW EHWZHHQ WKH FHQWURLG DQG WKH SRLQWV ZKLFK
LQWHUVHFWZLWKWKHOHDI¶VERXQGDU\7KLVLVVKRZQEHORZLQ)LJXUH

        
 
 
)LJ'LVWDQFHPDS;DQG<

)LJ&HQWURLGUDGLDOGLVWDQFHPDS
7KHLQIRUPDWLRQH[WUDFWHGDUHWKHQXVHGWRFUHDWHUDWLRVZKLFKZLOOEHXVHGIRUWKHSDWWHUQPDWFKHU7DEOHVKRZV
WKHUDWLRVWKDWKDYHEHHQFDOFXODWHGIURPWKHSUHYLRXVPHDVXUHPHQWV

7DEOH5DWLRV
$VSHFW
UDWLR
:KLWH
DUHD
UDWLR
3HULPHWHU
WRDUHD
3HULPHWHU
WRKXOO
+XOO
DUHD
UDWLR
'LVWDQFH
PDS[
'LVWDQFH
PDS\
&HQWURLG
UDGLDOGLVWDQFH
:LGWK
/HQJWK
$UHDRIOHDI
/HQJWK
:LGWK
3HULPHWHURI
OHDI$UHDRI
OHDI
3HULPHWHURI
KXOO
3HULPHWHURI
OHDI
$UHDRI
OHDI$UHD
RIKXOO
'LVWDQFHRIWKH
OLQHVSDUDOOHOWR
[D[LV/HQJWK
'LVWDQFHRIWKH
OLQHVSDUDOOHOWR
\D[LV:LGWK
'LVWDQFHIURPFHQWURLG
WRLQWHUVHFWLQJSRLQWV
'LVWDQFHIURPFHQWURLG
WRERXQGDU\ER[

&RORXUKLVWRJUDP
$ FRORXU KLVWRJUDP LV FRPSXWHG IRU D FURSSHG SDUW RI WKH LPDJH VLQFH LI WKHZKROH LPDJH LV XVHGZKLWH VSDFHV
VXUURXQGLQJWKHOHDIZRXOGDIIHFWWKHKLVWRJUDP7RFURSWKHLPDJHWKHOHQJWKDQGZLGWKRIWKHERXQGLQJER[DUH
XVHGDVPDUNHUVWRFURSWKHFHQWUDOSDUWRIWKHOHDILPDJH
0DWFKHU
7KHPDWFKHUDOJRULWKPFRQVLVWVRIVWDJHVRIN11$OOWKHUDWLRVDUHQRUPDOLVHGWRDYDOXHEHWZHHQDQGEHIRUH
DQ\FRPSDULVRQLVPDGH
6WDJH7KHOHDIWREHUHFRJQLVHGXQGHUJRHVWKHVDPHSURFHVVLQJDVWKHRQHVLQWKHGDWDEDVH7KHQHZYDOXHVIRUWKH
UDWLRVDUHDOVRQRUPDOLVHG7KHQHZOHDILVWKHQFRPSDUHGWRHDFKOHDILQWKHWUDLQLQJVHWRQHE\RQH7KHVXPRIWKH
(XFOLGHDQGLVWDQFHVEHWZHHQ WKHQHZ OHDI DQG WKRVH LQ WKHGDWDEDVH DUH FDOFXODWHG7KHFORVHVW UHVXOWV DUH WKHQ
UHWXUQHG(DFKUDWLRLVXVHGDVDIHDWXUHLQWKHN11FODVVLILHU)RUWKHGLVWDQFHDQGFHQWURLGPDSVDOOWKHGLVWDQFHVLQ
WKHVHWVDUHFRQVLGHUHGDVLQGLYLGXDOIHDWXUHV
6WDJH)RULQVWDQFHVZKHUHWKHUHVXOWVHWIURPVWDJHFRQVLVWVRIGLIIHUHQWSODQWVWKHFRORXUKLVWRJUDPRIWKH
QHZ OHDI LV FRPSDUHG WR WKRVH IURP WKDW UHVXOW VHW 7KH FRUUHODWLRQ FRHIILFLHQW LV WKHQ FDOFXODWHG7KLV YDOXH OLHV
EHWZHHQDQG$YDOXHFORVHWRLQGLFDWHVDYHU\KLJKSRVLWLYHFRUUHODWLRQZKLFKPHDQVWKDWWKHWZRLPDJHVDUH
YHU\VLPLODU7KHFORVHVWPDWFKHVDUHFDOFXODWHGXVLQJDN11DOJRULWKP
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5HVXOWV
7KHPHWKRG RI WHVWLQJ XVHGZDV WR XVH HYHU\ SKRWR RI WKH OHDYHV LQ WKH GDWDEDVH DV LQSXW LPDJH WR WKH V\VWHP
FRPSDUH LW WR DOO WKH RWKHU OHDYHV DQG FDOFXODWH WKH SHUFHQWDJH DFFXUDF\ RI WKH V\VWHP 7KLV WHFKQLTXH KDV WKH
DGYDQWDJHRI WHVWLQJDOO WKH OHDYHV LQ WKHGDWDEDVHUDWKHU WKDQ MXVWDVPDOOSHUFHQWDJHRI LW(YHU\ WLPH WKHV\VWHP
DSSOLHVWKHPDWFKHUWRDOHDILWZLOOFUHDWHDUHFRUGLQD&69ILOHZLWKWKHDFWXDOSODQWQDPHDQGWKHSUHGLFWHGSODQW
QDPH

7HVWLQJZDVGRQHRQOHDYHVFRPLQJIURPGLIIHUHQWVSHFLHVRISODQWV,QSDUWLFXODUZHQRWHGDDFFXUDF\
IRUVHYHQGLIIHUHQWW\SHVRIOHDYHV2QO\RQHSODQWVSHFLHVKDGDUHFRJQLWLRQDFFXUDF\RIOHVVWKDQ7KHRYHUDOO
DFFXUDF\DWWKHILUVWVWDJHZDV7KHFRORXUKLVWRJUDPPDWFKLQJRSHUDWLRQZDVWKHQDSSOLHGRQWKHUHVXOWVIURP
WKHILUVWVWDJHDQGWKHDFFXUDF\URVHWR0RUHRYHUWKHVDPHWHVWZDVFDUULHGRXWRQWKHHQWLUH)ODYLDGDWDVHW
DQGDKLJKDFFXUDF\RIDQGZHUHREWDLQHGDIWHUWKHILUVWDQGVHFRQGVWDJHVUHVSHFWLYHO\7KXVZHFDQ
VHHWKDWWKLVDSSURDFKLVYHU\HIIHFWLYHLQWKHFODVVLILFDWLRQRISODQWOHDYHV
)XUWKHUH[SHULPHQWVZHUHFRQGXFWHGLQRUGHUWRDVVHVVWKHHIIHFWRILQFUHDVLQJWKHQXPEHURISODQWVSHFLHVDQGWKH
QXPEHURIOHDYHVRQWKHFODVVLILFDWLRQDFFXUDF\

)LJ(IIHFWRILQFUHDVLQJQXPEHURISODQWVSHFLHVRQDFFXUDF\
)URP)LJXUHLWFDQEHQRWHGWKDWZLWKRQO\HLJKWVSHFLHVZHKDYHDYHU\KLJKFODVVLILFDWLRQDFFXUDF\RIEXW
WKLVVORZO\GURSVWRZLWKVSHFLHV:HXVXDOO\H[SHFWWKHUHFRJQLWLRQDFFXUDF\WRJRGRZQZKHQWKHUHDUH
PRUHYDULHW\LQWKHGDWDVHW+RZHYHULQWKLVFDVHWKHDFFXUDF\LVJRLQJGRZQYHU\VORZO\DQGLWLVVWLOOYHU\KLJK
ZLWKGLIIHUHQWVSHFLHV


)LJ(IIHFWRILQFUHDVLQJQXPEHURIOHDYHVRQDFFXUDF\
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)URP )LJXUH  LW FDQ EH QRWHG WKDW DV WKH QXPEHU RI OHDYHV LQFUHDVHV IURP  WR  WKH DFFXUDF\ RI WKH N11
FODVVLILHUULVHVIURPWR+RZHYHU WKHUHLVQRVLJQLILFDQW LQFUHDVHLQDFFXUDF\LIPRUHWKDQOHDYHV
SHUSODQWVSHFLHVDUHXVHG7KHRYHUDOODFFXUDF\N11LQIRUPDWLRQIURPFRORXUKLVWRJUDPIROORZVDVLPLODUWUHQG
EXWWKHUHLVDQLQFUHDVHRIDSSUR[LPDWHO\IRUHDFKDGGLWLRQDOVHWRIOHDYHVWKDWLVDGGHGWRWKHGDWDEDVHDIWHUWKH
ILUVWOHDYHV
7KXVZH REVHUYH WKDW LW LV SRVVLEOH WR REWDLQ D KLJK YDOXH IRU FODVVLILFDWLRQ DFFXUDF\ E\ XVLQJ D UHODWLYHO\ ODUJH
QXPEHURISODQWVSHFLHVEXWZLWKRQO\DVPDOOQXPEHURIVDPSOHOHDYHVSHUVSHFLHV:HDOVRGHPRQVWUDWHGKRZWKH
DFFXUDF\YDULHVRQWKHQXPEHURISODQWVSHFLHVDQGWKHQXPEHURIOHDYHV7KHDFFXUDFLHVREWDLQHGDUHFRPSDUDEOH
ZLWK H[LVWLQJ ZRUNV +RZHYHU VLQFH RXU DSSURDFK LV EDVHG HQWLUHO\ RQ WKH N1HDUHVW 1HLJKERXU FODVVLILHU LW LV
H[SHFWHGWRUXQIDVWHUWKDQFRPSDUDEOHDSSURDFKHVXVLQJSUREDELOLVWLFQHXUDOQHWZRUNVRUVXSSRUWYHFWRUPDFKLQHV
7KHHIIHFWRIYDU\LQJWKHQXPEHURIVSHFLHVDQGYDU\LQJWKHQXPEHURIOHDYHVKDGQRWEHHQVXIILFLHQWO\WDFNOHGLQ
WKHOLWHUDWXUH
&RQFOXVLRQ
,Q WKLV SDSHUZH GHPRQVWUDWH DQ DSSURDFK WR FODVVLI\ SODQWV LQWR WKHLU DSSURSULDWH VSHFLHV XVLQJ LPDJHV RI WKHLU
OHDYHV$KLJKUHVROXWLRQFDPHUDZDVXVHGWRWDNHSLFWXUHVRIGLIIHUHQWVSHFLHVRISODQW)RUHDFKSODQWVSHFLHV
GLIIHUHQW OHDI LPDJHVZHUH FDSWXUHG7KH LPDJHVZHUH SUHSURFHVVHG DQG D QXPEHU RI IHDWXUHVZHUH H[WUDFWHG
IURP WKHP:H LPSOHPHQWHG RXU RZQ N1HDUHVW 1HLJKERXU FODVVLILHU (DFK OHDI LPDJHZDV WKHQ FRPSDUHGZLWK
HYHU\RWKHUOHDILPDJHLQWKHGDWDEDVH:HREWDLQHGDQDFFXUDF\RIDWWKHILUVWVWDJH7KHQH[WVWDJHFRQVLVWHG
RIXVLQJLQIRUPDWLRQREWDLQHGIURPFRORXUKLVWRJUDPVLQRUGHUWRIXUWKHUGLIIHUHQWLDWHEHWZHHQPRUHGLIILFXOWFDVHV
7KLVWHFKQLTXHKDGDSRVLWLYHLPSDFWRIDERXWRQWKHUHFRJQLWLRQDFFXUDF\:HDOVRGLVFRYHUHGWKDWLQFUHDVLQJ
WKH QXPEHU RI VSHFLHV OHDGV WR D VPDOO GHFUHDVH LQ WKH DFFXUDF\ EXW LQFUHDVLQJ WKH QXPEHU RI OHDYHV EH\RQG D
WKUHVKROG RI WHQ KDG QR VLJQLILFDQW LPSDFW RQ WKH RYHUDOO DFFXUDF\ &RPSDUHG WR HDUOLHU DSSURDFKHV RXU V\VWHP
SURYLGHVFRPSDUDEOHDFFXUDFLHVDQGLVH[SHFWHGWRSURGXFHUHVXOWVPXFKIDVWHU7KHPDLQGLIILFXOW\LQWKLVZRUNZDV
WKHQHHGWRWDNHDOOWKHSKRWRVLQEURDGGD\OLJKWIDLOLQJZKLFKWKHDFFXUDF\FRXOGEHDGYHUVHO\DIIHFWHG,QRXUIXWXUH
ZRUNZHLQWHQGWRFUHDWHDV\VWHPZKLFKLVPRUHUREXVWWROLJKWYDULDWLRQDQGWRLQFOXGHYHLQSDWWHUQVDVDIHDWXUH
:HZLOODOVRFUHDWHDPRUHHODERUDWHGDWDVHW
5HIHUHQFHV
>@ (*/HDUQHG0LOOHU,QWURGXFWLRQWRFRPSXWHUYLVLRQ8QLYHUVLW\RI0DVVDFKXVHWWV$PKHUVW
>@ 9 6DWWL $ 6DW\D 6 6KDUPD $Q DXWRPDWLF OHDI UHFRJQLWLRQ V\VWHP IRU SODQW LGHQWLILFDWLRQ XVLQJ PDFKLQH YLVLRQ
WHFKQRORJ\,QWHUQDWLRQDO-RXUQDORI(QJLQHHULQJ6FLHQFHDQG7HFKQRORJ\,-(679RO
>@ )ODYLD3ODQW/HDI5HFRJQLWLRQ6\VWHPKWWSIODYLDVRXUFHIRUJHQHW
>@ -&KDNL53DUHNK6%KDWWDFKDU\D3ODQWOHDIUHFRJQLWLRQXVLQJWH[WXUHDQGVKDSHIHDWXUHVZLWKQHXUDOFODVVLILHUV,Q
(OVHYLHU3DWWHUQ5HFRJQLWLRQ/HWWHUV9RO
>@ 0*/DUHVH51DPLDV50&UDYLRWWR05$UDQJR&*DOOR30*UDQLWWR$XWRPDWLFFODVVLILFDWLRQRIOHJXPHV
XVLQJOHDIYHLQLPDJHIHDWXUHV,Q(OVHYLHU3DWWHUQ5HFRJQLWLRQ9RO
>@ ;:DQJ%)HQJ;%DL:/LX/-/DWHFNL%DJRIFRQWRXUIUDJPHQWVIRUUREXVWVKDSHFODVVLILFDWLRQ,Q(OVHYLHU
3DWWHUQ5HFRJQLWLRQ9RO
>@ 262GHUNYLVW&RPSXWHUYLVLRQFODVVL¿FDWLRQRI OHDYHVIURP6ZHGLVK WUHHV0DVWHU¶V7KHVLV/LQNRSLQJ8QLYHUVLW\

>@ &+$UXQ:56DP(PPDQXHO'&'XUDLUDM7H[WXUHIHDWXUHH[WUDFWLRQIRU LGHQWLILFDWLRQRIPHGLFLQDOSODQWVDQG
FRPSDULVRQRIGLIIHUHQWFODVVLILHUV,QWHUQDWLRQDO-RXUQDORI&RPSXWHU$SSOLFDWLRQV9RO
>@ $+0$PLQ$,.KDQ2QHVKRWFODVVLILFDWLRQRI'OHDIVKDSHVXVLQJGLVWULEXWHGKLHUDUFKLFDOJUDSKQHXURQVFKHPH
ZLWKN11FODVVLILHU,Q(OVHYLHUWK$VLD3DFLILF6\PSRVLXPRQ,QWHOOLJHQWDQG(YROXWLRQDU\6\VWHPV
>@ &8OXWXUN$8JXU5HFRJQLWLRQRIOHDYHVEDVHGRQPRUSKRORJLFDOIHDWXUHVGHULYHGIURPWZRKDOIUHJLRQV,Q,QVWLWXWH
RI(OHFWULFDODQG(OHFWURQLFV(QJLQHHULQJ,(((,QWHUQDWLRQDO6\PSRVLXPRQ,QQRYDWLRQVLQ,QWHOOLJHQW6\VWHPVDQG
$SSOLFDWLRQV
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>@ 6 =KDQJ <. /HL 0RGLILHG ORFDOO\ OLQHDU GLVFULPLQDQW HPEHGGLQJ IRU SODQW OHDI UHFRJQLWLRQ ,Q (OVHYLHU
1HXURFRPSXWLQJ9RO
>@ ;05HQ;):DQJ<=KDR$QHIILFLHQWPXOWLVFDOHRYHUODSSHGEORFN/%3DSSURDFKIRUOHDILPDJHUHFRJQLWLRQ,Q
6SULQJHU,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHOOLJHQW&RPSXWLQJ,&,&9RO
>@ $ .DGLU /( 1XJURKR $ 6XVDQWR 3,  6DQWRVD 3HUIRUPDQFH LPSURYHPHQW RI OHDI LGHQWLILFDWLRQ V\VWHP XVLQJ
3ULQFLSDO&RPSRQHQW$QDO\VLV,QWHUQDWLRQDO-RXUQDORI$GYDQFHG6FLHQFHDQG7HFKQRORJ\9RO 
[14] $.DGLU/(1XJURKR$6XVDQWR3,6DQWRVD([SHULPHQWVRI]HUQLNHPRPHQWVIRUOHDILGHQWLILFDWLRQ-RXUQDORI
7KHRUHWLFDODQG$SSOLHG,QIRUPDWLRQ7HFKQRORJ\-$7,79RO 
>@ - +RVVDLQ0$ $PLQ /HDI VKDSH LGHQWLILFDWLRQ EDVHG SODQW ELRPHWULFV ,Q ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV
(QJLQHHULQJ ,(((3URFHHGLQJVRIWK ,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWHUDQG ,QIRUPDWLRQ7HFKQRORJ\ 

>@ 68 /HH 6< &KXQJ $ FRPSDUDWLYH SHUIRUPDQFH VWXG\ RI VHYHUDO JOREDO WKUHVKROGLQJ WHFKQLTXHV IRU
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